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related to the second imaging based on the designation
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MAGNETIC RESONANCE IMAGING
APPARATUS AND IMAGE PROCESSING
APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of
priority from Japanese Patent Application No. 2016-143046,
filed on Jul. 21, 2016, and Japanese Patent Application No.
2017-140196, filed on Jul. 19, 2017; the entire contents of

which are incorporated herein by reference.

FIELD

Embodiments described herein relate generally to a mag-
netic resonance 1maging apparatus and an 1mage processing,
apparatus.

BACKGROUND

Magnetic resonance 1maging (MRI) 1s an 1maging tech-
nique 1n which nuclear spins of a subject placed in the static
magnetic field 1s magnetically excited with radio frequency
(RF) pulses at the Larmor frequency and 1images are recon-
structed from nuclear magnetic resonance (NMR) signals
that are generated based on the excitation.

For example, 1n the case of heart examinations using
magnetic resonance 1maging, a reference cross-section that
1s a cross-section based on the anatomical characteristics of
the heart 1s set prior to 1maging for diagnosis. Furthermore,
during magnetic resonance 1maging, various 1maging
parameters, such as the field of view (FOV), the number of
phase encodes, the number of slices, or the reduction factor
of parallel imaging, are set prior to the imaging for diagno-
S18.

As a method for the above settings, for example, there 1s
a method for specitying the setting by presenting the struc-
tural information at the cross-section position on a display
unit (display) prior to the imaging for diagnosis.

However, in the case of for example less-experienced
radiology technologists, i1t 1s sometimes the case that the
imaging for diagnosis 1s conducted without consideration on
the 1mage quality and consequently, 1imaging needs to be
done again due to insuflicient image quality.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram that 1llustrates a magnetic resonance

imaging apparatus according to an embodiment;

FI1G. 2 1s a tlowchart that 1llustrates the steps of a process
that 1s performed by the magnetic resonance 1imaging appa-
ratus according to the embodiment;

FIG. 3 1s a diagram that illustrates the process that 1s
performed by the magnetic resonance 1maging apparatus
according to the embodiment;

FIG. 4 1s a diagram that illustrates the process that 1s
performed by the magnetic resonance 1maging apparatus
according to the embodiment;

FIG. 5 1s a diagram that illustrates the process that 1s
performed by the magnetic resonance 1maging apparatus
according to the embodiment;

FIG. 6 1s a diagram that illustrates the process that 1s
performed by the magnetic resonance 1maging apparatus
according to the embodiment;
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FIG. 7 1s a diagram that illustrates the process that 1s
performed by the magnetic resonance i1maging apparatus
according to the embodiment;

FIG. 8 1s a diagram that illustrates the process that 1s
performed by the magnetic resonance 1maging apparatus
according to the embodiment;

FIG. 9 1s a diagram that illustrates the process that 1s
performed by the magnetic resonance 1imaging apparatus
according to the embodiment;

FIG. 10 1s a diagram that illustrates the process that 1s
performed by the magnetic resonance i1maging apparatus
according to the embodiment; and

FIG. 11 1s a diagram that illustrates the hardware con-
figuration of an 1mage processing apparatus according to the
embodiment.

DETAILED DESCRIPTION

A magnetic resonance 1imaging apparatus according to an
embodiment includes sequence control circuitry and pro-
cessing circuitry. The sequence control circuitry conducts,
on a subject, first 1imaging and second imaging that is
subsequent to the first imaging. The processing circuitry
estimates, based on a magnetic resonance image related to
the first imaging and an 1imaging condition set with regard to
the second 1maging, mformation about an 1mage quality in
a case 1 which the second imaging 1s conducted. The
processing circuitry presents, on a display, an estimation
result, superimposing the estimation result on the magnetic
resonance 1mage. The processing circuitry receives a des-
1gnation operation on the magnetic resonance 1mage from an
operator, and changes a setting of the 1maging condition
related to the second imaging based on the designation
operation.

With reference to the attached drawings, a detailed expla-
nation 1s given below of a magnetic resonance 1maging
apparatus and an 1mage processing apparatus according to
an embodiment.

EMBODIMENT

FIG. 1 1s a diagram that illustrates a magnetic resonance

imaging apparatus 100 according to the embodiment. A
subject P (within the frame by the dotted line 1n FIG. 1) 1s

not included 1n the magnetic resonance 1imaging apparatus
100.

A static field magnet 1 1s formed 1nto a hollow cylindrical
shape, and it generates a uniform static magnetic field in 1ts
internal space. The static field magnet 1 1s, for example, a
permanent magnet or a superconductive magnet. A gradient
coil 2 1s formed into a hollow cylindrical shape, and 1t
generates a gradient magnetic field 1n 1ts internal space.

Specifically, the gradient coil 2 1s located on the inner side
of the static field magnet 1, and it receives gradient magnetic
field pulses supplied from a gradient magnetic-field power
source 3 to generate a gradient magnetic field. The gradient
magnetic-field power source 3 feeds gradient magnetic field
pulses to the gradient coil 2 based on control signals that are
transmitted from a sequence control circuitry 10.

A bed 4 1ncludes a top board 4a on which the subject P 1s
placed, and the top board 44 1s 1nserted 1nto the hollow of the
gradient coil 2 that 1s the 1imaging opening, 1n a state where
the subject P 1s placed. Typically, the bed 4 1s provided such
that its longitudinal direction 1s parallel to the central axis of
the static field magnet 1.
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Bed control circuitry S drives the bed 4 to move the top
board 4a 1n a longitudinal direction and 1n a vertical direc-
tion.

A transmitter coil 6 generates a magnetic field. Specifi-
cally, the transmitter coil 6 1s provided on the mner side of
the gradient coil 2, and 1t receives radio frequency (RF)
pulses supplied from transmitter circuitry 7 to generate a
magnetic field. The transmitter circuitry 7 feeds RF pulses,
which correspond to the Larmor frequency, to the transmaitter
coil 6 based on control signals that are transmitted from the
sequence control circuit 10.

A receiver coil 8 receives magnetic resonance signals
(heremaftter, MR signals). Specifically, the recerver coil 8 1s
provided on the imner side of the gradient coil 2, and 1t
receives magnetic resonance signals that are emitted from
the subject P due to the eflect of the magnetic field. Fur-
thermore, the receiver coil 8 outputs received magnetic
resonance signals to receiver circuitry 9.

The receiver circuitry 9 generates magnetic-resonance
signal data on the basis of magnetic resonance signals output
from the receiver coil 8, based on control signals that are
transmitted from the sequence control circuitry 10. Specifi-
cally, the receiver circuitry 9 conducts digital conversion on
magnetic resonance signals output from the receiver coil 8
to generate magnetic-resonance signal data, and 1t transmits
the generated magnetic-resonance signal data to an 1mage
processing apparatus 200 via the sequence control circuitry
10. Furthermore, the receiver circuitry 9 may be provided on
the side of a gantry device that includes the static field
magnet 1, the gradient coil 2, or the like.

The sequence control circuitry 10(1maging unit) controls
the gradient magnetic-field power source 3, the transmuitter
circuitry 7, and the receiver circuitry 9. Specifically, the
sequence control circuitry 10 transmits control signals based
on the pulse sequence execution data transmitted from the
image processing apparatus 200 to the gradient magnetic-
field power source 3, the transmitter circuitry 7, and the
receiver circuitry 9. For example, the sequence control
circuitry 10 1s an imtegrated circuit, such as an application
specific integrated circuit (ASIC) or a field programmable
gate array (FPGA), or an electronic circuit, such as a central
processing unit (CPU) or a micro processing unit (MPU).

The 1mage processing apparatus 200 includes a process-
ing circuitry 150, a memory 132, an input interface 134, and

a display 135. Furthermore, the processing circuitry 150 has
a control function 150a, a generation function 15056, and an
estimation function 150¢ 1n addition to an interface function,
a reception function, and a determination function that are
not 1llustrated. The detailed operations of the control func-
tion 150qa, the generation function 1505, and the estimation
function 150c are omatted.

Each processing function, conducted by the control func-
tion 150a, the generation tunction 1505, or the estimation
function 150c¢, 1s stored in the memory 132 in the form of
program executable by a computer. The processing circuitry
150 1s a processor that reads a program from the memory
132 and executes 1t to implement the function that corre-
sponds to each program. In other words, in a state where
cach program has been read, the processing circuitry 150 has
cach of the functions that are illustrated 1n the processing
circuitry 150 1n FIG. 1. Furthermore, 1n the explanation of
FIG. 1, the single processing circuitry 150 performs pro-
cessing functions that are conducted by the control function
150a, the generation function 13505, and the estimation
function 150¢; however, combinations of independent pro-
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cessors may constitute the processing circuitry 150, and
cach of the processors may execute a program to 1mplement
the function.

In other words, there may be a case where each of the
above-described functions 1s configured as a program and
the single processing circuitry executes each program, or
there may be a case where a specific function 1s implemented
in a dedicated independent program execution circuit. Fur-
thermore, the control function 150a, the generation function
1505, the estimation function 150c¢, the reception function,
and the determination function included in the processing
circuitry 150, are examples of a control unit, a generating
unit, an estimating unit, a recerving unit (a controller unit),
and a determining unit. It 1s also noted that the display 135
1s an example of a display unait.

The term of the “processer” used 1n the above explanation
means for example a central processing unit (CPU), a
graphical processing unit (GPU), or a circuit, such as an
application specific integrated circuit (ASIC) or a program-
mable logic device (e.g., a simple programmable logic
device (SPLD), a complex programmable logic device
(CPLD), or a field programmable gate array (FPGA)). The
processor reads and executes a program stored in the
memory 132 to implement the function. Furthermore, a
configuration may be such that, instead of storing programs
in the memory 132, a program 1s directly installed in a circuit
of the processor. In this case, the processor reads and
executes a program that 1s installed 1n the circuit to 1imple-
ment the function. For example, the memory 132 1s a
semiconductor memory device, such as a random access
memory (RAM) or a tlash memory, a hard disk, or an optical
disk.

The memory 132 stores image data that 1s stored by the
generation function 15056 or other sets of data that are used
by the magnetic resonance i1maging apparatus 100. For
example, the memory 132 1s configured by using a semi-
conductor memory device such as a random access memory
(RAM) or a tlash memory, a hard disk, an optical disk, or the
like.

The 1nput interface 134 receives various types ol com-
mands or information mputs from an operator. The mnput
interface 134 1s a pomting device, such as a mouse or
trackball, or an mput device, such as a keyboard.

The display 135 presents various types of information,
such as i1mage data, under the control of the processing
circuitry 150. The display 135 1s, for example, a display
device, such as a liquid crystal display device.

The processing circuitry 150 1s connected to the sequence
control circuitry 10 via an interface function not 1llustrated,
and 1t controls mput/output of data that i1s transmitted and
received between the sequence control circuitry 10 and the
image processing apparatus 200.

The processing circuitry 150 uses the control function
150a to perform the overall control on the magnetic reso-
nance 1imaging apparatus 100, thereby performing a control
on 1mage capturing, image generation, 1mage display, or the
like. For example, the control function 150q 1s an integrated
circuit such as an ASIC or an FPGA, or an electronic circuit,
such as a CPU or an MPU.

Furthermore, as described below, the processing circuitry
150 uses the control function 150q to determine the imaging
position of the reference cross-section and ethiciently check
and correct the mformation about the image quality at the
determined reference cross-section position.

The processing circuitry 150 uses the generation function
1505 to reconstruct image data from the magnetic-resonance
signal data that i1s transmitted from the sequence control
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circuitry 10, and 1t stores the reconstructed image data 1n the
memory 132. Furthermore, the processing circuitry 150 uses
the generation function 15056 to acquire, from the memory
132, the three-dimensional data, which includes the imaging
mimmum of the subject P, and the cross-section position that
1s being set via the mput interface 134, and 1t generates the
corresponding Multi Planar (MPR) image. The generated
MPR 1mage 1s stored in the memory 132.

The processing circuitry 150 uses the estimation function
150c¢ to acquire the three-dimensional data that includes the
subject P, the set cross-section position, and the imaging
parameter via the input interface 134 from the memory 132
and estimate the information about the 1image quality of the
image for diagnosis. The estimated image quality informa-
tion 1s stored in the memory 132.

Next, the background according to the embodiment 1s
briefly explained.

For instance, as a process of examination by magnetic
resonance 1maging, for example 1n the case of the heart, after
a body-axis transverse cross-section image (Axial), a sagittal
cross-section 1mage (Sagittal), and a coronal cross-section
image (Coronal), which are called scout 1mages (Scout) or
locator 1mages (Locator), are captured, multi-slice 1mages
(Axial multi-slice), which are multiple body-axis transverse
cross-sections, are captured, and then a reference cross-
section 1s captured. Here, the reference cross-section 1s a
cross-section image based on anatomical characteristics and,
in the case of the heart, 1t 1s a left ventricular vertical
long-axis 1image (Leit ventricular vertical long-axis), a lett
ventricular horizontal long-axis 1mage (Left ventricular
horizontal long-axis), a left ventricular short-axis image
(Left ventricular short-axis), a left ventricular 2-chamber
long-axis 1mage (Leit ventricular 2-chamber long-axis), a
left ventricular 3-chamber long-axis image (Leit ventricular
3-chamber long-axis), a left ventricular 4-chamber long-axis
image (Leit ventricular 4-chamber long-axis), or the like.
During examination, for example, there 1s a need to set the
cross-section position of the reference cross-section. Fur-
thermore, the reference cross-section and the method of
setting the reference cross-section are determined not only
for the heart but also for various targets, such as the brain,
shoulders, or knees.

Furthermore, for examinations, there 1s a need to set not
only the above-described cross-section position but also
various 1maging parameters. Here, the imaging parameter 1s,
for example, the FOV, the number of phase encodes, the
number of slices, or the reduction factor for parallel 1mag-
ing, such as the sensitivity encoding (SENSE) technique for
high-speed 1maging by decimation on sampling.

There 1s a known method for setting the cross-section
position or the like, on the basis of the information related
to the form at the cross-section position. However, according,
to the technologies, the information about the 1image quality
1s not included; therefore, for example, 1n the case of
less-experienced radiology technologists, 1mages are
acquired without previous consideration on the information
about the 1image quality and, as a result, they are often to be
acquired again due to 1mage quality failures; thus, as a result,
examination throughput 1s sometimes decreased.

Because of the above background, the magnetic reso-
nance 1maging apparatus 100 according to the embodiment
estimates the information about the image quality and pres-
ents the estimated information, superimposing the estimated
information on the image data or the cross-section 1mage, on
the display unit (the display).

FI1G. 2 1s a tlowchart that 1llustrates the steps of a process
that 1s performed by the magnetic resonance 1maging appa-
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6

ratus according to the embodiment. FIGS. 3 to 10 are
diagrams that illustrate the process that 1s performed by the
magnetic resonance imaging apparatus according to the
embodiment.

The sequence control circuitry 10 conducts {irst imaging
(Step S100). Next, the processing circuitry 150 uses an
acquiring unit (not 1illustrated) to acquire the 1image data
(e.g., the three-dimensional data) on the basis of the first
imaging that 1s conducted by the sequence control circuitry
10 at Step S100 (Step S110).

Here, examples of the image data include locator images
that indicate the form information on the subject P that 1s the
target to be imaged. Here, at Step S100, the sequence control
circuitry 10 conducts 1imaging to acquire a locator 1mage as
the first 1maging. Here, a specific example of the first
imaging, which 1s the 1imaging to acquire locator images, 1s
the 3D {fast field echo (FFE) sequence, which 1s gradient
echo (GE)-based pulse sequence, or the 3D steady-state free
precession (SSEFP) sequence. Furthermore, prior to the 3D
FFE sequence or the 3D SSFP sequence, the sequence
control circuitry 10 may add a pulse sequence to apply T2
preparation pulse. As the sequence control circuitry 10
applies the T2 preparation pulse, the processing circuitry
150 may generate 1mages with highlighted anatomy contrast
by using the generation function 1505.

Furthermore, for instance, other examples of the image
data include images (sensitivity map) that represent the
sensitivity distribution of the receiver coil 8. Here, at Step
S100, the sequence control circuitry 10 conducts imaging to
acquire the sensitivity map as the first imaging. Specifically,
the sequence control circuitry 10 conducts imaging by using,
for example, a body coil with high space uniformity and the
receiver coil 8 (multi-coil) with low space uniformity.

Then, the processing circuitry 150 uses the generation
function 1505 to generate the image related to the body coil
from the 1maging that 1s conducted by using the body coail.
Furthermore, the processing circuitry 150 uses the genera-
tion function 1505 to generate 1mages for each element of
the receiver coil 8 from the imaging that 1s conducted by
using the receiver coil 8. At Step S110, the processing
circuitry 150 obtains the ratio between the image related to
the body coil and the images that are generated for each
clement of the receiver coil 8, thereby acquiring the 1mage
(sensitivity map) that represents the sensitivity distribution
ol the recerver coil 8.

Furthermore, for example, other examples of the image
data include shimming 1mages that represent the magnetic
field distribution of a static magnetic field (BO) or a high-
frequency magnetic field (B1). Specifically, at Step S100,
the sequence control circuitry 10 conducts imaging to obtain
a shimming 1image. Then, the processing circuitry 150 uses
the generation function 1506 to generate a shimming 1mage
on the basis of the imaging that 1s conducted at Step S100.
For example, the processing circuitry 150 uses the genera-
tion function 1505 to calculate the image that represents the
distribution of BO that 1s the intensity distribution of the
static magnetic field, from the phase difference 1n multiple
magnetic resonance 1imaging images at different echo times.
Furthermore, for example, the processing circuitry 150 uses
the generation function 15056 to calculate the 1mage that
represents the distribution of B1 that 1s the intensity distri-
bution of the high-frequency magnetic field, from ifor
example the ratio between the intensities of multiple mag-
netic resonance imaging images to which different excitation
pulses are applied.

Next, the sequence control circuitry 10 determines
whether the process 1s to be terminated (Step S120). If there
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1S no remaimng examination sequence to be processed and
it 1s determined that the process 1s to be terminated (Yes at
Step S120), the sequence control circuitry 10 terminates the
process. Conversely, 11 there 1s a remaining examination
sequence to be processed, the sequence control circuitry 10
determines that the process 1s not to be terminated (No at
Step S120), and the process proceeds to Step S130.

Then, the processing circuitry 150 sets the cross-section
position of the examination sequence and the imaging
parameter (Step Sl30) Specifically, first, the processing
circuitry 150 receives mputs of the information that specifies
the cross-section position of the examination sequence and
the information related to the imaging parameter (informa-
tion related to the image quality 1n a case 1n which a second
imaging that 1s subsequent to the first imaging 1s conducted)
via the input interface 134.

The processing circuitry 150 receirves an imput of the
information that specifies the cross-section position of the
examination sequence. Here, as examples of the information
that specifies the cross-section position of the examination
sequence, the processing circuitry 150 receives iputs of, for
example, the position of the single point o on the cross-
section and the directions of two unit vectors u and v which
constitute a plain face, via the mput interface 134. Further-
more, 1f the components of o, u, and v are written explicitly,
they are represented by using, for example, the following

Equations (1) and (2).

(1)

0=(0,,0,,0,)

(2)

An example of the input screen 1s illustrated 1n FIG. 3. An
image 13 represents the reconstructed 1mage of the exami-
nation sequence that i1s already 1maged. A cross-section 11
represents the cross-section of the examination sequence
that 1s set by the processing circuitry 150 at Step S130. For
example, the processing circuitry 150 receives inputs of the
position (the point o) at the center of the cross-section 11 and
the directions of the two unit vectors u and v that constitute
the cross-section 11.

Furthermore, the processing circuitry 150 receives an
input of the information about 1maging parameters. F1G. 4
illustrates such a situation. An edit box 21 1s an edit box for
specilying settings about the matrix size. A check box 22 1s
a check box for specifying the settings with regard to the
presence or absence of use of each element of the receiver
coll 8. An edit box 23 1s an edit box for specilying the
settings about the 1maging range.

The processing circuitry 150 recerves iputs of the infor-
mation about, for example, the matrix size 1 the read-out
direction (the RO direction), the matrix size in the phase
encode direction (the PE direction), and the matrix size in
the slice direction via the edit box 21.

For example, the processing circuitry 150 receives the
presence or absence of use of each element of the receiver
coil 8 via the check box 22.

The processing circuitry 150 receives mputs of the infor-
mation about for example the imaging range 1n the read-out
direction (the RO direction) and for example the phase
encode direction (the PE direction) via the edit box 23.

The processing circuitry 150 recerves for example the
reduction factor 1in the PE direction for parallel imaging or
the slice thickness via an edit box 24, or the like.

On the basis of the recerved information, the processing
circuitry 150 sets the cross-section position of the exami-
nation sequence and the imaging parameter. The processing,

H:(foﬂy: VE),V (vx vy vz)

10

15

20

25

30

35

40

45

50

55

60

65

8

circuitry 150 stores the set cross-section position of the
examination sequence and the imaging parameter in the
memory 132.

Furthermore, as the imaging parameters, the processing
circuitry 150 may handle parameters, such as the value of
the current that flows through the static magnetic-field
compensation coil or the waveform, phase, intensity, or the
like, of each transmission port for high-frequency magnetic
field adjustment.

With reference back to FIG. 2, the processing circuitry
150 generates an MPR 1mage (cross-section image) that
includes a predetermined region of interest in predetermined
cross-section, from the image data (e.g., the three-dimen-
sional data) that 1s acquired at Step S110 (Step S140). Then,
the processing circuitry 150 uses the control function 150a
to present the cross-section image (MPR 1mage) generated at
Step S140, on the display 135 (Step S150).

FIG. 5 illustrates an example of the MPR image. A
cross-section image region 41 represents the region for
which the MPR 1mage corresponding to the set cross-section
position 1s generated Conversely, an 1maging range 40
represents the set imaging range. At Step S140, for example
the processing circuitry 150 generates a Cross-section 1image
that 1s the cross-section image region 41 which 1s larger than
the 1imaging range 40 that 1s the set imaging range, and that
1s 1n the same cross-section position as the set cross-section
position.

In this way, for example, the processing circuitry 150
generates the cross-section image on the cross-section 1mage
region 41 that 1s larger than the imaging range 40 that is the
set 1imaging range; thus, it 1s easier for users to predict, for
example, the size of an artifact that influences the set
imaging range ifrom outside the set imaging range.

Then, the processing circuitry 150 uses the estimation
function 150¢ to estimate the information about the image
quality in the case of imaging being conducted on the basis
of the cross-section 1mage generated at Step S140, and the
parameter related to the setting of 1maging due to magnetic
resonance 1maging (Step S160). In other words, the pro-
cessing circuitry 150 estimates information related to image
quality 1n a case in which the second imaging that 1is
subsequent to the first imaging 1s conducted, based on
imaging condition set with regard to the second imaging,
and a magnetic resonance 1mage related to the first imaging.
Then, the processing circuitry 150 uses the control function
150a to superimpose the information about the 1image qual-
ity, estimated by the estimation function 150¢ at Step S160,
on the above-described 1mage data or cross-section 1mage
and presents 1t on the display 135 (Step S170). In other
words, the processing circuitry 150 presents on the display
135, by the control function 135, the estimation result,
superimposing the estimation result on the magnetic reso-
nance 1mage corresponding to the first imaging.

Here, at Step S170, the reason why the estimation result
1s superimposed on the magnetic resonance 1maging 1s the
following: By superimposing information about the image
quality on a structural image or a functional image, the
relative relationship of the information about the image
quality with respect to the position of a tumor, for example,
becomes more ntuitively understandable.

FIG. 6 illustrates an example of the above case. The
cross-section 1image region 41 represents the region of the
MPR 1mage that eerrespends to the set cross-section posi-
tion. Conversely, the imaging range 40 represents the set
imaging range. Folded regions 42a, 425 represent folding
artifacts from outside the imaging range 40. Furthermore,
the arrow D indicates the set phase encode direction.
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At Step S160, the processing circuitry 150 uses the
estimation function 150c¢ to estimate the information about
the folded regions 42a, 425 from outside the imaging range,
which 1s the information about the 1mage quality 1n the case
of 1imaging (the second imaging) being conducted, on the
basis of the cross-section image generated at Step S140, and
the 1maging range 40 (the imaging range 40 in which the
second 1imaging 1s performed) of 1maging due to magnetic
resonance 1imaging. Then, the processing circuitry 150 uses
the control function 150a to superimpose the information
about the image quality, estimated by the estimation function
150c¢ at Step S160, on the image data or the cross-section
image and present 1t on the display 135.

Furthermore, the processing circuitry 150 indicates the set
phase encode direction D by using an arrow and estimates
folding artifacts from outside the assumed 1maging range.
The processing circuitry 150 uses the control function 150a
to, for example, highlight the estimated folding artifact on
the display 135.

As the above operation 1s performed, users may predict
the presence or absence of folding artifacts more easily and
in an mntuitive way. As a result, users may adjust an 1maging
condition 1n such a manner that no folding artifacts occur.
For example, users may adjust the imaging condition by
enlarging the imaging range 40, changing the phase encode
direction D, applying saturation pulses, or the like. Users
may adjust the imaging condition 1n an ntuitive way with
less movement of the eyes. This aspect 1s advantageous 1n
the case of 1imaging for sites, such as elbows or knees, for
which 1t 1s diflicult for the subject P to be fixed at the regular
body position on the bed 4.

In FIG. 6, an explanation 1s given of a case where the
MPR 1mage 1s a cross-section image on which the informa-
tion about the 1mage quality, estimated by the estimation
function 150c¢ at Step S160, 1s superimposed; however,
embodiments are not limited to this situation. For example,
the cross-section image on which the estimated information
about the 1image quality 1s superimposed may be an image
that 1s collected during multi-slice 1maging and that corre-
sponds to one slice. Furthermore, the cross-section image on
which the estimated information about the 1image quality 1s
superimposed may be, for example, projection image data
that 1s obtained by conducting projection on three-dimen-
sional volume data using the Maximum Intensity Projection
(MIP) method. Furthermore, in FIG. 6, an explanation 1s
given of a case where the mnformation about the image
quality estimated by an estimation function 150e at Step
5160, 1s superimposed on the cross-section 1mage; however,
embodiments are not limited to this situation. For example,
the estimated information about the image quality may be
superimposed not on cross-section 1mages for MPR, or the
like, but for example on the image data that i1s the original
data before the cross-section 1s clipped.

FIG. 7 illustrates an example of the process 1n a case
different from FIG. 6. The cross-section image region 41
represents the region of the MPR 1mage that corresponds to
the set cross-section position. Conversely, the imaging range
40 represents the set imaging range. A folded region 42
represents a folding artifact from outside the 1maging range
40. Furthermore, the arrow D indicates the set phase encode
direction. Image quality information 50 1s the information
about the magnetic field intensity on the cross-section image
region 41 (or the imaging range 40).

In the example of FIG. 7, at Step S160, the processing
circuitry 150 uses the estimation function 150c¢ to estimate
the information about the magnetic field intensity in the
imaging range on the basis of the cross-section image
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generated at Step S140, and the shimming adjustment value
of the static magnetic field or the high-frequency magnetic
field. In other words, the processing circuitry 140 estimates,
for example, by the estimation function 150¢, distribution
information about non-uniformity of the static magnetic
field, as information about an image quality 1 a case 1n
which the second imaging 1s conducted. Then, the process-
ing circuitry 150 uses the control function 150a to super-
impose the information about the magnetic field intensity 1n
the imaging range estimated by the estimation function 150c¢
at Step S160, on the 1image data or the cross-section 1image
and presents 1t on the display 135. In other words, the
processing circuitry 150 presents on the display 133, by the
control function 150q, distribution information about non-
umiformity of the static magnetic field estimated at Step
S160, superimposing the distribution information about non-
uniformity of the static magnetic field estimated at Step
S160 on the magnetic resonance 1image corresponding to the
first 1maging. For example, the processing circuitry 150
presents on the display 135, by the control function 150a, a
contour map of the static magnetic field, superimposing the
contour map of the static magnetic field on the magnetic
resonance 1image corresponding to the first imaging, regard-
ing a region including the region of interest for the second
imaging. As another example, in a case in which values of
the static magnetic field contain an outlier that 1s a value
different from a normal value, the processing circuitry 150
presents on the display 135, by the control function 150aq,
information about the position of the outlier of the static
magnetic field, superimposing the information about the
position of the outlier of the static magnetic field on the
magnetic resonance 1image corresponding to the first imag-
ng.

Due to the above operation performed, 11 the information
about the magnetic field intensity 1n the 1imaging range 1s for
example the MPR 1mage of the BO or B1 map, the MPR
image ol the BO or B1 map 1s presented on the cross-section
image generated at Step S140 1n a superimposed manner,
whereby 1t may be easily determined whether the static
magnetic field or the high-frequency magnetic field 1s sui-
ficiently umiform at the region of interest.

Furthermore, according to another example, at Step S160,
the processing circuitry 150 may use the estimation function
150¢ to estimate the information about the g-factor on the
basis of the cross-section 1mage, generated at Step S140, and
the reduction factor for parallel imaging. Then, the process-
ing circuitry 150 uses the control function 150a to super-
impose the information about the g-factor estimated by the
estimation function 150¢ at Step S160, on the 1image data or
the cross-section 1image and presents 1t on the display 135.

In this way, the processing circuitry 150 uses the estima-
tion function 150c¢ to calculate the g-factor on the basis of
the sensitivity map, the imaging range, and the reduction
factor for parallel imaging, and it uses the control function
150a to superimpose 1t on the cross-section image, for
example, and present 1t on the display 135. Thus, 1t 1s
possible to easily determine whether the region of interest 1s
a region where a folding artifact 1s likely to occur.

Furthermore, according to another example, at Step S160,
the processing circuitry 150 may use the estimation function
150¢ to estimate the mformation about the distribution of
sensitivity of the receiver coil on the basis of the cross-
section 1mage generated at Step S140, and the imaging range
(the 1maging range 1n a case 1n which the second 1imaging 1s
conducted) for imaging due to magnetic resonance 1imaging.

In this case, then, the processing circuitry 150 uses the
control function 150q to superimpose the information about




US 10,481,235 B2

11

the distribution of sensitivity of the receiver coil, estimated
by the estimation function 150c at Step S160, on the
cross-section 1mage, for example, and presents it on the
display 135. In this manner, 1t 1s possible to determine how
much the coil sensitivity 1s at each position on the captured
cross-section.

Furthermore, according to another example, at Step S160,
the processing circuitry 150 may use the estimation function
150c to estimate the information on the distance from the
center of the magnetic field on the basis of the cross-section
image generated at Step S140, and the information on the
imaging range of each element of the receiver coil 8. In this
case, then, the processing circuitry 150 uses for example the
control function 150a to superimpose the information, esti-
mated by the estimation function 150c¢ at Step S160, on for
example the cross-section image and presents 1t on the
display 135.

In this manner, for example, users may check how {far
apart the set cross-section position 1s from the center of the
magnetic field.

FIG. 8 illustrates an example of the process in a case
different from FIG. 6 and FIG. 7. The cross-section image
region 41 represents the region of the MPR image that
corresponds to the set cross-section position. Conversely, the
imaging range 40 represents the set imaging range. A folded
region 51 and a folded region 352 represent regions where
folding artifacts occurs.

In the example of FIG. 8, at Step S160, the processing
circuitry 150 uses the estimation function 150c¢ to estimate
the information about the folded 1mage prior to the unfold-
ing on the basis of the cross-section image generated at Step
S140, and the reduction factor for parallel imaging. Then,
the processing circuitry 150 uses the control function 150a
to superimpose the information, estimated by the estimation
tfunction 150¢ at Step S160, on for example the cross-section
image and present it on the display 135.

As described above, the processing circuitry 150 uses the
control function 150a to present, on the display 1335, the
folded 1mage prior to the unfolding i parallel 1maging,
estimated from the imaging range and the reduction factor
for parallel 1maging. Thus, users may check whether the
region of interest 1s 1 a position where folding artifacts
casily occur.

FIG. 9 illustrates an example of the process diflerent from
FIG. 6 to FIG. 8. The cross-section image region 41 repre-
sents the region of the image that corresponds to the set
cross-section position. Conversely, the imaging range 40
represents the set imaging range. Number 53a, number 535,
number 53¢, and number 534 denote the numbers of the coil
clements, indicated on the MPR 1image (cross-section
image). For example, the number 53aq means that the number
of the coil element located 1n the vicinity of the correspond-
ing region, 1s “3”. Furthermore, for example, the number
535 means that the number of the coil element located 1n the
vicinity of the corresponding region 1s “4”.

In the example of FIG. 9, at Step S160, the processing
circuitry 150 uses the estimation function 150c¢ to estimate
the information about the position of the receiver coil that 1s
used for imaging. Then, at Step S170, the processing cir-
cuitry 150 uses the control function 150qa to superimpose the
information estimated by the estimation function 150c¢ at
Step S160, on for example the cross-section image and
present 1t on the display 1385.

As described above, the processing circuitry 150 uses the
control function 150a to display the number of the coil
clement of the receiver coil 8 on the MPR image (cross-
section 1mage). Thus, users may check the arrangement of
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the coil elements on the setting screen position. As a result,
users easily determine whether the coil element 1s properly
selected.

Furthermore, at Step S170, the processing circuitry 150
may use the control function 150a to superimpose, on the
image data or the cross-section image, the information
estimated by the estimation function 150c¢ at Step S160
together with the mformation that uses a numerical value or
a shape to represent the information that indicates whether
the coil element 1s located at the back or the front with
reference to the cross-section position, and present 1t on the
display 135.

Furthermore, the processing circuitry 150 may receive
input of changes i1n selection or non-selection of the coil
clement from the input interface 134 and, based on the
received nput, execute the estimation function 150¢. In such
a case, at Step S160, the processing circuitry 150 uses the
estimation function 150c¢ to estimate the information about
the position of the recerver coil 8 used for imaging, on the
basis of the cross-section image and the information that
indicates whether each element of the receiver coil 8 1s used.
Then, at Step S170, the processing circuitry 150 uses the
control function 150q to superimpose the information esti-
mated by the estimation function 150¢ at Step S160, on the
image data or the cross-section image and present it on the
display 135.

FIG. 10 illustrates an example of the process 1n a case
different from FIG. 6 to FIG. 9. The cross-section image
region 41 represents the region of the MPR 1mage (cross-
section 1mage) that corresponds to the set cross-section
position. Conversely, the imaging range 40 represents the set
imaging range. A magnetic field distortion compensation
image 54 represents a magnetic field distortion compensa-
tion i1mage that 1s presented on the MPR image (cross-
section 1mage). Here, the magnetic field distortion compen-
sation 1s compensation that 1s conducted through post-
processing, such as image deformation, on the phenomenon
of image distortion (for example, an object 1n a perfect circle
being captured as an ellipse) in a case where the gradient
magnetic field during encoding in the read-out direction, or
the like, 1s not an 1deal straight line due to design constraints,
or the like.

In the example of FIG. 10, at Step S160, the processing
circuitry 150 uses the estimation function 150c¢ to estimate
the magnetic field distortion compensation 1mage on the
basis of the cross-section image generated at Step S140, and
the information on the 1imaging range of each element of the
receiver coil. Then, at Step S170, the processing circuitry
150 uses the control function 150a to present the informa-
tion, estimated by the estimation function 150c¢ at Step S160,
on the image data or the cross-section 1image in a superims-
posed manner on the display 135.

As described above, the processing circuitry 150 uses the
control function 150q to present the 1imaging range and the
image for which the magnetic field distortion compensation
has been done, on the display 135. Especially, 1n a case
where the subject P 1s set at a position far from the center of
the magnetic field, such as shoulders, elbows, or hands, the
amount of compensation for the magnetic field distortion
compensation 1s large, and the position of the image after
magnetic field distortion compensation 1s likely to be dif-
ferent from the one that 1s estimated by the user when the
imaging position 1s set. In such a case, too, users may
previously check changes 1n the image before and after
magnetic field distortion compensation.

There are various possibilities with regard to the timing of
Step S170, 1.e., the timing in which the processing circuitry
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150 uses the control function 150a to present the informa-
tion about the image quality on the display 135, superim-
posing the mformation on the cross-section 1mage.

According to an example of the possibilities, for example,
the processing circuitry 150 uses a reception function (not
illustrated) to receive, from users, an mput to correct param-
cters with regard to the settings of imaging due to magnetic
resonance 1imaging. While the reception function receives a
correction mput, the processing circuitry 150 uses the con-
trol function 150a to present, on the display 135, the
information about the image quality, superimposing the
information on the cross-section image. Conversely, while
the reception function does not receive a correction nput,
the processing circuitry 150 uses the control function 1504
to hide the information about the 1image quality.

Furthermore, according to another example of the possi-
bilities, for example, the processing circuitry 150 uses a
reception function (not illustrated) to receive, from users, an
iput to correct parameters with regard to the settings of
imaging due to magnetic resonance 1imaging. After reception
of the correction input 1s completed, the processing circuitry
150 uses the control function 1504 to present, on the display
135, the information about the 1mage quality, superimposing
the information on the cross-section image. Furthermore, the
processing circuitry 150 may use the control function 150a
to automatically hide the information about the image qual-
ity 1f, for example, a predetermined button 1s pressed, or
alter a certain time has elapsed since a correction nput 1s
completed.

Furthermore, according to another example of the possi-
bilities, for example, the processing circuitry 150 uses a
determination function (not 1illustrated) to make a determi-
nation by comparing the value that indicates the information
about the image quality to a predetermined threshold. On the
basis of a determination result by the determination func-
tion, the processing circuitry 150 uses the control function
150a to present, on the display 135, the mnformation about
the 1image quality, superimposing the information on the
cross-section 1image. For example, the processing circuitry
150 automatically displays the cross-section 1image and the
image quality information 11 the estimated information about
the 1mage quality exceeds a predetermined threshold.

With reference back to the flowchart of FIG. 2, the
processing circuitry 150 receives an imput to correct a
parameter via the input interface 134 from the user who has
viewed the information about the 1image quality, superim-
posing the information on the cross-section image and
presents on the display 135 at Step S170 (Step S180). In
other words, the processing circuitry 150 receives, by the
reception function and through the interface 134, a desig-
nation operation on the magnetic resonance 1mage ifrom an
operator. If an mput to correct a parameter 1s received (Yes
at Step S180), the process returns to Step S130. In other
words, the processing circuitry 150 changes a setting of an
imaging condition related to the second imaging based on
the designation operation. If a parameter 1s not corrected (No
at Step S180), the process proceeds to Step S190. In other
words, at Step S180, the processing circuitry 150 receives,
by the reception function, designation of a region of interest
for shimming from the operator. For example, the processing
circuitry 150 receives, by the reception function, designation
of a region that the operator focuses on 1n the imaging from
the operator. In such a case, for example when the operator
focuses on the heart, the processing circuitry 150 demgnates
the reglon of 1nterest by selecting on the screen the region
that 1s 1n the vicimity of the heart. As another example, the
processing circuitry 150 receives, for example, by the recep-
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tion function, from an operator, designation of the region
that 1s not subjected to a shimming calculation processing.
In other words, for example at Step S170, 1n a case 1n which
a contour map of the static magnetic field 1s superimposed
on the magnetic resonance 1mage and 1s presented on the
display 135, the operator reads an outlier value from the
contour map presented on the display 135 and designates the
region that 1s not subjected to a shimmaing calculation based
on the result of the reading. Thus, 1t becomes possible to
lessen the artifact of the image by setting the selected region
to be excluded from the calculation processing.
Subsequently, the processing circuitry 150 calculates, by
the control function 150a, a value for shimming based on the
designation of the region of interest, and changes the setting
of the imaging condition for the second imaging such that
he calculated value 1s applied. For example, 1n the step

{
described above, when the operator designates the region
¥

C

hat 1s not subjected to a shimming calculation, as for the
lesignated region, the processing circuitry 150 replaces, by
the control function 150q, the value of the static magnetlc
field with a value 111terpolated from the neighboring region
and changes the setting of the imaging condition for the
second 1maging based on the replaced value.

The processing circuitry 150 may automatically correct an
imaging parameter on the basis of the MPR 1mage generated
at Step S140, and the 1image information, estimated at Step
S160. For example, the processing circuitry 150 may adjust
the information, such as the value of the current that flows
through the static magnetic-field compensation coil or the
intensity/wavelorm/phase of a multi-transmitter coil, on the
basis of the value of the BO distribution or the B1 distribu-
tion at the set cross-section position (shimming). Further-
more, for example, the processing circuitry 150 may calcu-
late the center of gravity of the region of an 1image other than
the air alter magnetic field distortion and correct the imaging,
position such that the object moves to the center of the
imaging range aiter magnetic field distortion. Furthermore,
for example, the processing circuitry 150 may specily the
region of interest on the cross-section 1mage via the input
interface 134 and, 1n order to further improve the image
quality information within 1ts range, correct the 1maging
range, the encode direction, shimming, or the i1maging
position such that folding of parallel imaging does not occur.

Finally, the sequence control circuitry 10 conducts second
imaging that 1s 1maging for diagnosis (1maging of the
examination sequence) on the basis of the determined cross-
section position or mmaging parameter (Step S190). The
second 1maging 1s 1maging that 1s subsequent to the first
imaging. After Step S190 1s fimished, the process returns to
Step 5120.

Furthermore, with regard to the above-described 1mage
quality information, valid information 1s different depending
on an examination site or an examination sequence. For
example, for contrast dynamic examinations on a breast, the
information on the BO, B1 map 1s useful because they have
a high correlation with a fat suppression performance.
Furthermore, as the setting body position of, for example,
shoulders, elbows, or hands, 1s often changed based on the
state of the subject P, the iformation on the folding that
takes place outside the FOV, it 1s useful to utilize the
sensitivity distribution image of the receiver coil, or the
image before and after magnetic field distortion. Further-
more, for typical examinations using magnetic resonance
imaging, the memory 132 stores the previously adjusted
imaging parameter for each sequence that 1s grouped for
each examination site or examination content. Then, the
sequence control circuitry 10 selects the group of 1maging
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sequences, stored 1n accordance with an examination con-
tent, sets the cross-section position or conducts fine adjust-
ments on the imaging parameter i accordance with the
situation of the patient, and starts an examination. Because
of this background, the memory 132 may set the presence or
absence of display of a cross-section 1mage or image quality
information or the type of 1image quality information to be
displayed for each imaging sequence that 1s previously
stored.

Furthermore, embodiments are not limited to this situa-
tion.

In the embodiment, an explanation 1s given of, for
example, a case where locator 1mages are three-dimensional
data 11 the processing circuitry 150 generates locator images.
However, for example, at Step S100, the sequence control
circuitry 10 may use for mstance 2D sequence to conduct
multi-slice 1maging. In such a case, at Step S110, the
processing circuitry 150 generates locator images on the
basis ol multi-slice i1maging that 1s conducted by the
sequence control circuitry 10 at Step S100.

In an example of the case where the three-dimensional
data 1s a sensitivity map at Step S110, for example, the
processing circuitry 150 may generate the sensitivity map by
using the ratio between the image of each element of the coil
8 and the sum of squares (SOS) of the entire element image
at Step S110.

In an example of the case where the three-dimensional
data 1s shimming images at Step S110, the processing
circuitry 150 may calculate the BO distribution from mag-
netic resonance spectroscopy (MRS) images at Step S110.

In an example of the case where the three-dimensional
data 1s generated as shimming images at Step S110, the
processing circuitry 150 may calculate the B1 distribution
on the basis of deviations of multiple tagging images at Step
S110.

Furthermore, for example, the three-dimensional data
acquired at Step S110 may have multiple functions. For
example, the three-dimensional data acquired at Step S110
may have both the function as the image data that represents
the sensitivity map and the function as the locator image that
indicates the form information. Furthermore, for example,
the three-dimensional data acquired at Step S110 may have
both the function as the image data that represents the
shimming map and the function as the locator image that
indicates the form information.

At Step S130, the processing circuitry 150 may specily
for example three points on the cross-section as an example
of the information that specifies the region of the cross-
section 1n the examination sequence via the mput interface
134.

As for the mput interface for the cross-section position of
the examination sequence at Step S130, if the reconstructed
image of the examination sequence which has been already
captured 1s not perpendicular to the set cross-section, the
processing circuitry 150 may use the control function 1504
to present the positional relationship between the recon-
structed 1mage and the set cross-section on the display 135
by setting the FOV as a parallelogram.

At Step S130, the processing circuitry 150 may present
multiple reconstructed 1mages on the display 135 and
receive an mput of the imformation about the set cross-
section.

The data format of the three-dimensional data or the
image quality information according to the embodiment 1s
not limited to the above-described examples. For example,
with regard to the BO/B1 map or the distance image from the
center of the magnetic field, any threshold may be set as an
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alarm level standard to provide binary images, either OK
(acceptable) regions or NG (out of the ordinary) regions.
Furthermore, the data format may be such that 1t 1s struc-
tured by using numerical values to indicate whether NG (out
of the ordinary) regions exist in the first place or how much
volume NG (out of the ordinary) regions exist.

At Step 170, 1t 1s described that the reason why the
processing circuitry 1350 presents the estimation result on the
display 1335 superimposing the estimation result on the
magnetic resonance 1mage 1s the following: By information
regarding the 1image quality such as a structural image or a
function 1mage being superimposed on the magnetic reso-
nance 1mage and being displayed, the relative positional
relationship of the information regarding the image quality
with respect to the position of the tumor becomes more
intuitively understandable. However, embodiments are not
limited to this situation. In other words, the processing
circuitry 150 may present the estimation result alone on the
display 135. In such a case, the magnetic resonance 1imaging
apparatus 100 according to an embodiment includes
sequence control circuitry 120 and processing circuitry 150.
The sequence control circuitry 120 conducts, on a subject,
first imaging and second imaging that is subsequent to the
first imaging. The processing circuitry 150 estimates infor-
mation about an 1image quality 1n a case in which the second
imaging 1s conducted based on a magnetic resonance 1mage
related to the first imaging and an 1imaging condition that 1s
set with regard to the second imaging. The processing
circuitry 150 presents the estimation result on the display
135. The processing circuitry 150 receives a designation
operation on the magnetic resonance 1image from the opera-
tor. The processing circuitry 150 changes the setting of the
imaging condition related to the second imaging based on
the designation operation.

Program

Commands that are described in the procedures and
mentioned 1n the above-described embodiment may be
executed based on software programs. A general-purpose
computer system previously stores the program and reads
the program so that it 1s possible to obtain the same
advantage as that of the magnetic resonance 1maging appa-
ratus or the 1mage processing apparatus according to the
above-described embodiment. The commands that are
described according to the above-described embodiment are
recorded as programs executable by computers 1n magnetic

disks (tlexible disks, hard disks, or the like), optical disks
(CD-ROM, CD-R, CD-RW, DVD-ROM, DVD=z=R,
DVD=xRW, or the like), semiconductor memories, or similar
recording media. The storage format may be any format as
long as the storage medium 1s readable by a computer or an
installed system. The computer reads a program from the
recording medium and, 1n accordance with the program,
causes the CPU to execute the command that 1s described 1n
the program so that the same operations as those of the
magnetic resonance 1maging apparatus or the image pro-
cessing apparatus according to the above-described embodi-
ment may be implemented. It 1s obvious that 1f the computer
acquires or reads a program, 1t may be acquired or read via
a network.

Furthermore, part of each process to implement the
above-described embodiment may be executed by the oper-
ating system (OS) that operates 1n the computer in accor-
dance with commands of programs that are installed from a
storage medium to the computer or an installed system,
database management software, middleware (MW) of a
network, or the like.
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Furthermore, the storage media include not only the
media that are independent from the computer or the
installed system but also the storage media that download
and store or temporarily store the programs that are trans-
mitted via a local area network (LAN), the Internet, or the
like.

Furthermore, the storage medium 1s not limited to one,
and the storage medium according to the embodiment
includes a case where the process according to the above-
described embodiment 1s executed from multiple media, and
the structure of the medium may be any structure.

Furthermore, the computer or the installed system accord-
ing to the embodiment executes each process according to
the above-described embodiment on the basis of the pro-
grams that are stored 1n the storage medium, and 1t may have
any structure, such as the single apparatus like a personal
computer or a microcomputer, or a system in which multiple
apparatuses are connected via a network.

Furthermore, the computer according to the embodiment
includes not only a personal computer but also an arithmetic
processing device, a microcomputer, or the like, included in
the information processing apparatus, and 1t 1s the collective
term for apparatuses and devices that are capable of execut-
ing functions according to the embodiment by using pro-
grams.

Hardware Configuration

FIG. 11 1s a diagram that illustrates the hardware con-
figuration of the 1mage processing apparatus 200 according
to the embodiment. The 1mage processing apparatus 200
according to the above-described embodiment includes a
control device, such as a central processing umt (CPU) 310,
a storage device, such as a read only memory (ROM) 320 or
a random access memory (RAM) 330, a communication
interface 340 that 1s connected to a network to perform
communications, and a bus 301 that connects each unit. The
programs executed by the image processing apparatus 200
according to the above-described embodiment are provided
by being previously installed 1n for example the ROM 320.
Furthermore, the programs executed by the image process-
ing apparatus 200 according to the above-described embodi-
ment may cause the computer to function as each unit of the
above-described 1mage processing apparatus 200. In the
computer, the CPU 310 may load the programs from the
storage medium readable by the computer into the primary
storage device and execute it.

In the embodiments, the explanation was given as to the
magnetic resonance 1maging apparatus 100. However,
embodiments are applicable to the image processing appa-
ratus 200 as well. For example, an 1image processing appa-
ratus 200 according to an embodiment 1includes processing,
circuitry 150. The processing circuitry 150 estimates, by the
estimation function 150c¢, information about an 1mage qual-
ity 1n a case in which second 1maging that 1s subsequent to
first imaging 1s conducted, based on a magnetic resonance
image related to the first imaging and an 1maging condition
that 1s set with regard to the second 1maging. The processing
circuitry 150 presents, by the control function 1350q, an
estimation result on the display 135, superimposing the
estimation result on the magnetic resonance 1mage. The
processing circuitry 150 receives a designation operation on
the magnetic resonance image from an operator, and
changes the setting of the imaging condition related to the
second 1maging based on the designation operation.

With the magnetic resonance 1imaging apparatus and the
image processing apparatus according to at least one
embodiment described above, the information about the
image quality may be checked.

10

15

20

25

30

35

40

45

50

55

60

65

18

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the mventions.
Indeed, the novel embodiments described herein may be
embodied 1n a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claiams and their equivalents are intended to cover such
forms or modifications as would fall within the scope and
spirit of the inventions.

What 1s claimed 1s:

1. A magnetic resonance 1maging apparatus, comprising:

sequence control circuitry configured to conduct, on a

subject, first 1maging, and second imaging that 1s
subsequent to the first imaging; and

processing circuitry configured to

generate a {irst magnetic resonance 1mage based on the
first 1imaging conducted by the sequence control
circuitry;

set an 1maging condition with regard to the second
imaging;

estimate, based on the first magnetic resonance 1mage
and the set imaging condition, information about an
image quality 1n a case in which the second imaging,
1s conducted,

cause a display to display the first magnetic resonance
image and superimpose the estimated information on
the displayed first magnetic resonance 1mage,

receive, from an operator, a designation operation on
the first magnetic resonance 1mage,

change a setting of the imaging condition related to the
second 1maging based on the designation operation;
and

generate a second magnetic resonance 1image based on
the second 1imaging conducted by the sequence con-
trol circuitry.

2. The magnetic resonance imaging apparatus according,
to claim 1, wherein the processing circuitry 1s further
configured to

estimate distribution information about non-uniformity of

a static magnetic field as the estimated information
about the 1mage quality,

present, on the display, the estimated distribution infor-

mation about non-uniformity of the static magnetic
field, by superimposing the estimated distribution
information on the displayed first magnetic resonance
image,

recerve, Irom the operator, designation of a region of

interest for shimming,

calculate a value for shimming based on the designation

of the region of interest, and

change the setting of the imaging condition for the second

imaging such that the calculated value 1s applied.

3. The magnetic resonance 1maging apparatus according,
to claim 1, wherein the processing circuitry 1s further
configured to

generate, from 1mage data, a cross-section 1mage that

includes a predetermined region of interest in a prede-
termined cross-section,

estimate the information based on the generated cross-

section 1mage and the imaging condition, and

present the information on the display, by superimposing

the mnformation on the image data or the cross-section
image.

4. The magnetic resonance imaging apparatus according,
to claim 3, wherein the 1mage data 1s any of a locator image
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that indicates information on a target to be imaged, an 1image
that indicates sensitivity distribution of a receiver coil, and
a shimming 1mage that indicates magnetic field distribution
ol a static magnetic field or a high-frequency magnetic field.

5. The magnetic resonance 1maging apparatus according,
to claim 3, wherein the processing circuitry 1s further
configured to estimate, based on the cross-section image and
an 1maging range of the second 1maging, information about
folding from outside an 1maging range.

6. The magnetic resonance 1maging apparatus according
to claim 3, wherein the processing circuitry i1s further
configured to estimate information about a magnetic field
intensity 1 an 1maging range based on the cross-section
image and a shimming adjustment value of a static magnetic
field or a high-frequency magnetic field.

7. The magnetic resonance 1imaging apparatus according,
to claim 3, wherein the processing circuitry 1s further
configured to estimate information about a folded image
prior to unfolding based on the cross-section 1image and a
reduction factor of parallel imaging.

8. The magnetic resonance 1maging apparatus according,
to claim 3, wherein the processing circuitry i1s further
configured to estimate information about g-factor based on
the cross-section image and a reduction factor of parallel
imaging.

9. The magnetic resonance 1imaging apparatus according,
to claim 3, wherein the processing circuitry is further
configured to estimate information about a distribution of
sensitivity of a recerver coil based on the cross-section
image and an 1maging range of the second 1maging.

10. The magnetic resonance 1imaging apparatus according
to claim 3, wherein the processing circuitry 1s further
configured to estimate information about a position of a
receiver coil that 1s used for the second imaging, based on
the cross-section 1mage and information as to whether each
of a plurality of elements of the receiver coil 1s used.
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11. The magnetic resonance 1imaging apparatus according
to claim 3, wherein the processing circuitry 1s further
configured to estimate an 1image after magnetic-field distor-
tion compensation based on the cross-section image and
information on an imaging range of each of a plurality of
clements of a receiver coil.

12. The magnetic resonance 1maging apparatus according
to claim 3, wheremn the processing circuitry 1s further
configured to estimate information about a distance from a
center ol a magnetic field based on the cross-section 1image
and information on an 1imaging range ol each element of a
receiver coil.

13. The magnetic resonance 1maging apparatus according
to claim 3, wherein the processing circuitry i1s further
configured to

recerve a correction mput for the mformation from a user,

while the correction input i1s received, present the infor-

mation on the display, by superimposing the informa-
tion on the cross-section 1mage,

and hide the information while the correction 1nput 1s not

received.
14. The magnetic resonance 1maging apparatus according
to claim 3, wherein after a correction nput for the informa-
tion 1s recerved from a user and reception of the correction
input 1s completed, the processing circuitry 1s further con-
figured to present the information on the display, by super-
imposing the imformation on the cross-section image.
15. The magnetic resonance 1maging apparatus according
to claim 3, wherein the processing circuitry 1s further
configured to
make a determination by comparing a value that indicates
the information to a predetermined threshold, and

present on the display, based on a result of the determi-
nation, the information, by superimposing the informa-
tion on the cross-section 1mage.
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